We consider a plasma consisting of particle components with different temperatures. The components are uniformly distributed in the configuration space and MAXwELiian in the velocity space. Pair correlations are assumed to be small and higher order correlations negligible. It is shown from the BBGKY-hierarchy that the influence of the electrons on the ion kinetics can be taken into account by treating the ions as dressed particles. The hierarchy for these dressed particles provides the ion-ion correlation function. The electron-ion pair correlation is calculated from the POISSON equation using the ion-ion correlation and relating the electron-ion pair distribution to the average potential. By the same procedure we derive the electron-electron correlation making use of the electron-ion correlation. The results are compared with those of other authors.
The knowledge of the reduced distribution functions provides complete information about the statistical behavior of a plasma. The evaluation of these functions is therefore one of the basic problems in plasma physics. The usual way to tackle this rather complicated problem is the solution of the BBGKY hierarchy derived from the LIOUVILLE equation. Since this hierarchy contains as many coupled partial differential equations as there are particles in the system, an exact solution is practically impossible. Therefore most investigations, even in the equilibrium case, truncate the hierarchy by neglecting higher than second order correlations.
We study here the special case of a stationary system in which each particle component is in equilibrium at a different temperature. The assumption of quasi-equilibrium for the single component is a good approximation since the energy exchange between the components is much smaller than the exchange within each component. Different temperatures for the electrons and ions are observed in many experiments.
Our derivation of the correlation functions was developed in connection with the problem of the lowering of the ionization energy for a plasma with different temperatures of the particle components 2 . In investigations of the effective field in a plasma and the scattering of radiation by density fluctua- tions, other authors too studied the correlation functions 3_6 . BUNEMAN 4 in his treatment of the scattered radiation from density fluctuations implies the problem of the pair correlation. The correlations calculated by BENAU 5 using a more physically intuitive approach and by KADOMTSEV 3 applying kinetic methods, do not agree with those of SAL-PETER 6 . SALPETER gives a derivation employing the collision free BoLTZMANN-equation and therewith an approximation which is equivalent to DEBYE'S fiTst treatment of the equilibrium case.
The following investigation derives rigorously the distribution functions from the BBGKY hierarchy within the frame of the pair approximation which neglects third and higher order correlations.
Concept
Subject of this investigation is a classical quasineutral system consisting of electrons and ions 6a .
Nk gives the total number of individuals of the kind k. Te designates the electron temperature, Ti the temperature of the ions and neutrals. The plasma is uniformly distributed within a large volume V.
Following the general use we assume that third and higher order correlations are negligible.
Starting from the BBGKY hierarchy it is shown that the total interaction of one ion averaged over all electron microstates can be represented as the sum over effective pair interactions with the other ions. This means that the influence of the electrons on the ion kinetics can be taken into account by the use of "dressed ions".
We calculate the ion-ion correlation from the hierarchy for these dressed ions.
The electron-ion correlation can be expressed by the average potential in the environment of an ion.
With this relation and the ion-ion correlation the average potential in the environment of an ion follows from POISSON'S equation.
The electron-electron correlation is calculated by the same method using the average potential in the environment of an electron and the electron-ion correlation.
"Dressed Ions"
If P2n with 2 N -A^ is the specific distribution function of the order 2 N, the corresponding reduced distribution function of the order s is defined by ?S=V S J?2Ndxs
In a multicomponent system Vs of course depends on the composition of the described s-configuration.
However to simplify the notation we refrain from indicating this dependence. The general distribution function is given by
The index k denotes the different particle components. vk is the number of particles of the component k in the considered s-configuration.
From the LIOUVILLE equation one obtains for Vs the hierarchy
where (p-,j is the COULOMB pair energy. The indices i, j denote particles of the ^-configuration. A Ps + i describes a configuration which contains one particle of the component k in addition to the particles of the original ^-configuration, m is the particle mass. We now treat the ^-configuration including all ions'.
Since we have MAXwELLian distributions Ft in the velocity space the distribution functions Ps represent themselves as
?s=psnFi (4) where P.S. are the specified distribution functions in the configuration space. If (^PJ)^' designates the average potential energy of the particle (i) in the/V-configuration of all ions
We now show that the last term on the right hand side of eq. (6) disappears within the frame of our investigation.
Neglecting all higher order correlations we have for the specific distribution function 8 . The last term of this equality uses the fact that P. = 1 in our system. The function gjj is the pair correlation func-_ ^y P*(r Tj) (7) tion. The symbol (i j) means all combinations of the (ij) configuration particles. After simple transformations
we obtain for the general distribution functions the
Therefore the last term on the right hand side of eq.
(6) reads
Since in our system the functions g* and <pa depend only on the distance | rt -Tj we have
for symmetry reasons.
Inserting eqs. (8) and (10) into (6) we find
For the electron-ion pair distribution function 
P2(T[,
The proportionality constant A follows from normalization to be
Introducing eq. (17) into eq. (11) leads to
We represent the potential energy (0[) W by the Ansatz
(0,)^)=-. I' j and linearize eq. (19) to obtain
The linearization is consistent within the frame of our assumption ga < 1.
N +1
Applying symmetry considerations and the noreq. (21) takes the form (15) using (8) and (17) the Ansatz (20) is justified.
The well known solution of the equation (26) which is finite for large distances reads <Z>(r) = e 2 /r • exp (~y.er)
with the screening constant
Therewith we have shown that the average potential energy of a configuration of all ions can be represented as a sum over effective ion-pair energies.
That means the influence of the averaging process over all electron configurations on the ion interaction can be taken into account by the use of dressed ions.
The ion-ion correlation
The ion-ion correlation is now calculated from the BBGKY hierarchy for the dressed ions. This hierarchy is obtained from eq. (3) substituting the COULOMB potential by the effective potential (27) and omitting in the last term the summation over the electron component. Neglecting consistently the higher order correlations we find for the pair correlation function the equation 
The solution of this equation taking into account the boundary conditions is
The electron-ion pair distribution reads consequently P2(e,i)=l+
ft Je '
The electron-electron correlation
The procedure to calculate the electron correlation is analog to the method used in the preceding chapter. We write down the POISSON equation in the neighbourhood of an electron. The ion density is given by the electron-ion pair distribution found in eq. (36). For the electron pair distribution we find from the BBGKY hierarchy in the same manner as described for P2(e, i) the relation P2(e, e) = 1 + e !Pe(r)/(k Te) .
The average potential in the environment of an electron is therefore governed by the differential equa-
The solution of the equation accounting for the boundary conditions is The results derived by SALPETER using a procedure similar to DEBYE For nonthermal plasmas, the population densities of the ground level and the lower lying excited states can deviate considerably from a SAHA-and BOLTZMANN population density which are only valid for plasmas in (local) thermal equilibrium. To obtain the actual population densities of the lower lying states of the He I-Atom in a nonthermal, optically thin as well as in a partially optically thick plasma the corresponding rate equations have been solved. Due to the metastable state 2 3 S we have distinguished between the singulet and the triplet system. The coupling between the two systems has been accomplished by appropriate collisional processes. Numerical values are given for the population densities in terms of ,,SAHA"-population densities for both the lower singlet-and triplet levels in the case of an optically thin plasma. The relaxation times necessary for establishing a steadystate have been calculated. The influence of the triplet-system on the particle densities of the singletsystem is shown. For low electron densities the ratio m (triplet) /n; (singlet) becomes larger than 3. By solving the complete system of rate equations and comparing the solutions with measured densities one can derive unknown total cross sections for reactions between excited states.
Im Falle (lokalen) thermodynamischen Gleichgewichtes (L.T.E.) ist die Besetzungsdichte der angeregten Niveaus eines Atoms oder Ions entsprechend einer BOLTZMANN-Verteilung gegeben. Die BOLTZMANN-Verteilung ist jedoch nicht mehr sichergestellt bei Plasmen geringer Teilchendichten und kleinen geometrischen Abmessungen der zu untersuchenden Plasmaschichten, da die Anzahl der Stoß-prozesse abnimmt und Absorption von Besonanzstrahlung klein wird. Der Grenzfall eines stationären
